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�$�����#���	/(6)��ก$�����(		�/��&���� �)�	��ก��0+����+����!��&�'����&���� ��ก�+7� 5 
��)� ()*0ก2 2.5%, 5%, 10%, 15% 0� 20% #�กก��	)�&ก����������1)�#����� �2� +����!�'��
��&����	�"(�2�����-.�*()*
/�	�"��)�2��+������ 15% 0� 20% �����#�	��.�*��1)�#����	�"()*���'��  
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2�ก��)5)$� �'����&�����2�&)&�����)�2����&��&����	�"���"��%'� �)�
2�ก��)5)$� �'��
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Abstract 

 

 

Calcium alginate (CA) is applied to enzyme immobilization for prolonging enzymatic activity. In 

this study CA composite with hydroxyapatite (HA) was prepared by using a wet chemical method and 

then mixed with various Latex (LX) concentrations into groups of CA/LX and CA/HA/LX in various LX 

concentrations. LX solutions at 2.5%, 5%, 10%, 15% and 20% were used and it was found that between 

15% and 20% of their beads were floating. Thus 2.5-10% LX with CA and CA/HA were used for the 

entire experiment. At the gel forming stage, all solutions showed decreased viscosity when the 

temperature was increased.  

The viscosity results of mixture before forming to gel bead showed that as temperature increase 

the viscosity mixture was decrease. The results of a texture profile showed that both the strength and 

stability of the bead structure at 10% LX addition from each group of CA/LX and CA/HA/LX were higher 

than the control group. Bead swelling of 10% LX decreased because the LX6s hydrophobic character 

obstructed the swelling of defective CA/LX and CA/HA/LX beads. Moreover, pH and temperature had an 

affect on the swelling of the beads. The morphology of all the groups was studied by SEM and TEM and 

it was found that the LX material was homogeneous in CA and CA/HA, and that the HA in CA/LX 

resulted in crystallization. The material was proved by the result of FT-IR analysis when it was found that 

the CA/LX and CA/HA/LX had changed the wave number at 1325-1380 cm
-1
 which was the character6s 

bands of CH2 from LX. The bands shifted towards a higher number of waves in the composite beads. 

 Immobilized enzyme was tested. It was found that the variation of LX most important result of 

the enzyme immobilization experiment was shown in the high concentration of LX at 40°C and 50°C at 

the gel forming stage. The LX in CA/LX was inflated and blocked the flow of the substrate. However, this 

did not occur in CA/HA/LX. It is possible that the HA in CA/HA/LX bead expanded the pores inside the 

beads, whereas the LX expansion was inadequate to seal the expanded pores. The results of reused 

immobilized beads showed no difference in the relative activity of each beads type but the suitable is 

CA/HA/LX because it can still relative activity of enzyme more than 50% after 8 cycles reused. 

 

Keywords biopolymer, hydroxyapatite, alginate, nanobeads  
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��� 

           ��������	�
�����ก���������������������
��ก���������ก������  !������"ก#� $��

���ก�������
�����������ก#�%�����ก��������	��&���"(���������	(homopolymer)" *��$��

���ก�������
��!��"����ก#�%�����ก��������	��&��� "�(!�+����������	(heteropolymer)"����-

����	-����$%.�*�ก!���"/	
��ก��0���#"��& 

1. ��������	
���1+-�����+���	0��*ก� ������+0+��� (polyethylene) ������0���� 

(polypropylene) �2�ก3�ก��3-	 (Plexiglass) 4�4  

2. ��������	
���1+-������+���	0��*ก� 3���/� (silicone)  

3. ��������	���1�� 0��*ก� 0����������	 (biopolymers) 
�!�� (proteins) ���/����ก*�

3�ก (nucleic acids) *������*3//�0��	 (polysaccharides) 4�4 

�#�%���+ (alginate) �
������*3//�0��	 (polysaccharides) 
��ก��0
�����&.�!�� 2 

���ก�� /6� mannuronic acid (M) *�� guluronic acid (G) +�7��67��ก#������#�8� β-1,4 D-

mannuronic acid  *�� α-1, 4 C-5 epimer α-L-guluronic acid ��-����$-ก#�0��%�ก�6� 

���9�������"��7"+�7�����:;�#"�3��	��"-������+��� (seaweed)  ���� Laminaria digitata, L. 

hyperborean  *�� Macrocystis pyrifera  ��6� -������-��&.�!�� (brown algae) ���� 

Phaeophyceae sp.  ��+#7�0
ก��;��!�#�%���+�
����!-��ก���-������+���+�7��� 0��*ก� M. 

pyrifera ���#�%���+
����: 14-19 %, L. cloustoni *�� L. digitata ���#�%���+
����: 15-40% 


����:+�7��%��<&�ก#�������"-������ =�>ก�� *��*���"+�7-�������%����!��! -������

�������&��0��+#7� 0
���ก 
���+�+�7;��!�#�%���+��ก /6� �����ก� �#"ก=� ?�#7"��- -�
� 

���	���	 */����� *����7
�@�  �#�%���+�#"-����$-ก#�0��%�ก+#&"-������*��*�/+�������� ���� 

Azotobacter vinelandii *�� A. crococcum *������-
A��-	��" Pseudomonas �#�%���++�70��

-����$�.������
�����	����"��ก��� ��+� �
������� �
���/�67�"
��"��-�2B� �/�67�"-.���" 

*��;��!1#:C	�ก�7��ก#���!-��ก����67�  ��������
��0(���%� (hydrogel) �
��-��*������  
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(a) 

(b) 

����D/!�0�+	 -�����7�/�����6� 3<7"�%��#�%���+��/���
���1#�->"*���
��+�7����#�ก#���

�"ก�������*����+#7��ก (Amiji, 1999)  

/�"-���"�#�%���+
��ก�����������������"�&.�!��
���1+ uronic acids 2 ���� 

/6� mannuronic acid (M) *�� guluronic acid (G) +�7��67��ก#������#�8� β-1,4 D-mannuronic 

acid *�� α-1, 4 C-5 epimer α-L-guluronic acid !���>
+�7 1 %.����������" 50 $<" 200,000 

����� 

-����������	�#�%���+%��
�� heteropolymer +�7����������� (block) ��"����"*!ก!��"

ก#�0
 *!��������������%�����ก���&.�!����"����"!#�ก#� 3-30 ����� �����������+�7�� 

mannuronic acid %�����ก��� M-blocks ������������
�� guluronic acid %�����ก��� G-blocks *��

��%��ก��;-�ก#�������" mannuronic acid *��guluronic acid กD%�����ก��� MG-blocks ��6�ก��

-�#�ก#� !���>
+�7 1a-1b 

 

 

 

 

 

 

 

  

 MMMMMMMGGGGGGGGMGMGMGMGMGGGGGGGG 

M-block        G-block              MG-block        G-block 

 

�>
+�7 1 *-�"/�"-���"�����������"�&.�!��
���1+ uronic acids 2 ����*��ก��%#�����"-��

��������	(a), *�� (b) *-�"*��*;�ก������"!#���"/�"-���"�#�%���+ 
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ก������"!#���"�&.�!����*!������������%��<&�ก#�
���1+��"-������ ���� *��

��&�-�����"-������ ��+� ก���-������%��� guluronic acid ��กก�������/������"��ก ��ก����

��"-��������ก�<&�
����:��" guluronic acid กD%��
��7��*
�" ��ก%�ก��&�#"�<&�ก#�

-1��*��������"�&.��
������"��ก �������=�>����-������%�;��!�#�%���++�7�� mannuronic 

acid ���7���ก�<&� (Hjelland, 2005)                                   

��
B%%��#���!-��ก���+�"ก���ก�!���ก��������03�	��ก�<&� ��ก��������03�	!�<"

����ก#�ก#��#�%���+*��%�กก��+���"��%#�;��!�#�%���+%���6&�%����+���	�
�����+���ก#��#�%���+

+�7%.��������+��"!��� �����������"��D��%��#�%���++�7���!�<"���03�	/������"-#&� ��D��%�*!ก

"��� ��/����-$���!7.� ���0��0��ก�7/�#&"กD�-��-1�� ��ก��*�����"���03�	��ก%�ก��D��%���D��ก��0
 

��ก+#&"/���*�D"*�"��"��D��%��#"0������"��  

�#"�#&� ก���#F��/���-����$ก��!�<"���03�	������D��%��#�%���+���+�+����ก

��7"�<&�%<"�
��-�7"+�7���-��% �#ก��%#�����/�0�����"�
G�ก���#F��/�:1���#"ก���������-������

����	�67�  ����ก#��#�%���+ �����0(���ก3�����0++	 (hydroxyapatite)  Ca10(PO4)6(OH)2 �
��

-��+�7���%��.������0�� ��0(���ก3�����0++	  �
��-���
��ก����"/�"-���"��#ก��"

ก���>ก*��2B�3<7"��/������-��%��ก���.�0
�������"��7" �����-����$��0��"���*����%.����

��ก (Sivakumar, 2002) *���#"-����$-#"�/����	0����ก������  0(���ก3�����0++	 +�7

-#"�/����	%�ก (NH4)2HPO4  *�� Ca(NO3)24H2O �#&�%���/���/����/�<"ก#�ก#� 0(���ก3���

��0++	 +�7��>���ก���>ก*����6&���6&�/�"-���"!��" �����"ก����ก (Descamps et al., 2009) 3<7"

ก��+�70(���ก3�����0++	 ���#ก�:�/�"-���"+�7!������>���� %<"+.�����
��+�7-��%��ก���.�0


�#F�������ก��;��!�#-��+�"���1�� 3<7"0�������"��ก���.�0(���ก3�����0++	 0
����
��

%.������ก��-�����ก%��.�0
;-����ก#��������	�����67�  (Bigi et al., 2009)  ��67����0��

/�:-��#!�!��!��"ก�� �#"�#&�ก�����0(���ก3�����0++	 �.����
��*���/���/����#ก��ก��+.�

����ก��/�"���"!�������67������ก������ก��*�����"�� ��������0(���ก3�����0++	 ��

/�:-��#!�+#&"��*"���"ก���
��!#��>�3#�+�7������0
%�$<"��/������ก������"/�"-���"*��

�#"��/���-����$��"ก�����!#�ก#�ก#�-����������	�����67�0������ก���� 3<7"ก���.����0(���ก

3�����0++	 ��;-�ก#���������	�����67��#&�+.�����ก��/����
��0
0����"ก������ก��*���
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��"�� 3<7"/���-����$��ก��*����#&�%��<&���>�ก#�
�#����#�
����:��"0(���ก3�����0++	 

+�7��;-�����������	�#&�  (Zhang et al., 2009)   

��+#7�0
ก��;-�ก#�������"��������	*��0(���ก3�����0++	 �#&� %��ก��%�ก 2 

����ก����#ก  ���#��#�*�ก %���ก��%#�ก#���"���1�/0(���ก3�����0++	 �ก���<&�*����ก��

�
��/�"-���"���#�0�/� ��#"%�ก�#&�%<"��ก���.�����0
��!#���"�#-�����1����-1���+�7��

/��������-� 3<7"ก��-���"0(���ก3�����0++	 ���#-�����1���#&���%�ก���<&������#���� 

(Shinichi et al., 2004)   ��ก���ก��ก�����!#�ก#���"���1�/0(���ก3�����0++	 %����#ก�:�

/����ก#����1�/���+�7�ก���<&���8�����!� �#"�#&�*��/���/��+�7���ก��;��!�#-�����1������ก#�

ก#�0(���ก3�����0++	 �����#����ก�����#�����#&�%<"��/����
��0
0�� *��-����$�#F��

!�����*��/���/����&0
�����ก������ก��*�����"���03�	����D��%���67����
�����	!��0


0��  ���#ก�:�ก��-���"/�"���"��"0(���ก3�����0++	 +�7�ก���<&�1������D��%��#�%���+

*-�"���>
+�7 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

�>
+�7 2 1��$���%�กก���" SEM *-�"/�"-���"��"��D��%��#�%���+ (a) *��/�"-���"��"��D�

�%�#�%���+/0(���ก3�����0++	 (b) (Zhang et al., 2009) 
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��"������
B%%��#���ก���.�0
��������"��!-��ก�������"ก���"���"��*���";��!

��"8�����!�+�7����+�7-�����ก/6� *$�������!��#���ก�9��"�!�/���
�������� 90 

(http://kanchanapisek.or.th/kp6/BOOK3/chapter4/t3-4-l1.htm) ��"*���";��!+#&"���-���+�7

���6���%�ก*�2��ก�ก��" 3<7"�#�8�	��"+�7;��!��������!��#���ก�9��"�!�/6� �#�8�	(��������3��

�����3�- (Livonniere, 1993) �&.���"+�7ก���0��%�ก!��%�����ก����&.���"-� (field latex) �&.���"+�70��

%�ก!����"���#ก�:��
����D���"��Dก   ก��%����>����&.� (emulsion) ���#ก�:��
����"����-�

��� ��-1���
��/������	 (Frank and Anthony, 2002)  ��
����:��"*�D"
����:������ 30-

40 pH 6.5-7 �&.���"��/������*���
����: 0.975-0.980 ก�#�!���������!� ��/�����6� 12-15 

�3�!����-	  (http://th.wikipedia.org)  

��"8�����!����67�+�"�/����� 3�--1,4-����0�3���� (cis-1,4-polyisorene) �
��

���ก��+�7
��ก������/��	���*��0(���%����� (Sethuraj, 1992)   +.������-��#!�0��+�!��

�&.��#� *!��
��9���022G�0���� �� 1 ���ก��%�
��ก�������������"0�3���� (C5H8) ��!��

ก#��
��-��3����*���-��!�"�� 1 �����0�3����%��
���#�8�/>�*����>��#�2���+8����+�7

���"0�!��ก���ก��
H�ก����� (Manas, 2007) +.����-����$�#�/�0�3	0������ก.���$#�*��+.������"

+.�
H�ก�����0��"���������ก3��%�*���3�+.������"�ก��ก���-67��-1��0��"������������ก#� 

(Makuuchi et al., 1990) �#"�#&���"8�����!�%<"��-��3�+�7�/�67��0���#ก"�0
��0��"��� +.����

��"8�����!�/"-1���6������0���� ��/����:�1>����"ก���
��7��-$���/����*ก�� 
����: -72

�"���3��3��--����$���"��0��+�7��:�1>��!7.� (Young, 1981) -.���#�/���-�7.��-����

/�"-���"���ก�� +.������"8�����!�-����$!ก;�<ก0����67��6� ก���ก��;�<ก��67�"%�กก���6�!#�

�#"+.������"/"�>
��-��#!����"ก����<&� �#7�/6� ��"%���/���+�+��!��*�"�<" /���+�+��!��

ก��9�ก��� *��/���!���+��!��ก���#�$>->"�<&� ��"8�����!����&.���#ก���ก���9��7�->" ��>�

�����" 200,000 $<" 400,000 (http://th.wikipedia.org) 3<7"-����$�.�0
�����ก�����7�/���

*�D"*�"��!#��#-�����1��0���
������"��  

/�"ก����%#���&%<"��/���-��%+�7%��.�0(���ก3�����0++	 �����#���� *��/��6� 

���ก����"��"������%#�����ก#��#�%���+��67������-���/���*�D"*�" �6������ *��/����-$��� 

��67����!�<"���03�	��+�"��!-��ก��������/! ��������03�	=>?@A=BC@DE�
��!#�����" 

+�-��ก������-������ก����"*
G"+�7������������67��<ก��ก��3<�������ก���"���"��"��D�
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�%��#�%���++�7�����ก����"0(���ก3�����0++	 �����#���� *��/��6� ���ก����"

��"���� 
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��������	 ���!	��ก��
��� 

1) ��67����7�
��-�+8�1��ก��!�<"���03�	���#�%���+����ก#���������	�����67�  

2) ��67����7�/���*�D"*�"*��/"!#���"��D��%��#�%���+����ก���-��������%������67������ก��

!�<"���03�	 

3) ��67����7�/���*�D"*�"*��/"!#���"��D��%��#�%���+����ก���-��������%������67������ก��

!�<"���03�	 

4) ��67�+.�ก���#F��
����ก!	�����D��%���ก��!�<"���03�	��67�ก����!-��ก��� 

���"�����!	��ก��
��� 

1) +.�ก���<ก����-1���+�7�����-�+�7�����ก��;��!��D��%��������0����������	/ 

0(���ก3�����0++	 0��*ก� ����������ก��;-�, pH *�� -#�-�����"��������	*!���


���1++�7�����ก��;-� 

2) +�-��ก��!�<"���03�	����ก#���������	�����67� ���� 0(���ก3�����0++	 *�� ��"����  

3) �.��#�%���+��
����ก!	�����ก��!�<"���03�	��!-��ก��� ��67����7�
��-�+8�1��*�����7�����

ก�����"�����03�	 
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����� 2 


�#����ก�$ ���
�%�ก���#��� 

 

2.1 
�#�������"	�� 

2.1.1 �#!$����+�7�����ก��+���" 

  - �#�%���+ (Alginate, Fluka) 

  - ��"���� (Natural rubber) 

- @=?FGHC=>?@A=BC@DE (Invertase: Enzyme invertase was β-D-

fructofuranoside fructohydrolase, EC 3.2.1.26 produced from bakerKs yeast, 

Saccharomces cerevisiae, Fluka). 

 

2.1.2 ��
ก�:	+�7�����"����%#� 

- ����9���� 

- ����>
���>� 

- !�*ก�"ก��"-�� 

- ��ก�ก��	 

- *+�"*ก��/� 

- ���
�#�
����!� 

 

 2.1.3 -���/��+�7�����ก����%#� 

  - FL==HMH@?NOHFPMLB@Q?R=E@RE ( (NH4)2HPO4  ) 

  - STUGNOHF?@VBV ( Ca(NO3)2.4H2O  ) 

  - 3�����0(���ก03�	 (NaOH) 

 

 

 

 2.1.4 �/�67�"�6�+�7��� 
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  - �/�67�"ก��*�����/������� (Hot plate stirrer) 

  - �/�67�"�#�/�����6� (Brookfield viscosity meter) 

  - !>�������/��/����:�1>�� (Drying oven) 

  - �/�67�" FT-IR (Fourier Transform Infianed Spectrometry : FTIR ) 

  - ก���"%��+���%��+����	����D/!�������-��"ก��� (Seaning Electron Microscop  

   : SEM) 

  - ก���"%��+���%��+����	����D/!�������-��";��� (Transmission Electron  

    Microscop : TEM) 

  - �/�67�"�#�*�"ก� (Texture Profile Analysis) 

 

2.2 "�����"�&#"������"��, ����"��-()#��ก*���+�(��  ��#���!� �������"��-()#��ก*���+�

(��  -���+��� 

กZB@VBNOH@H[L@QU?ZM??\]?@B>^HMLOกZB?_Z@=ZE`A?SBกTa=FL==HMH@?NOHFPMLB@Q?R=E@RE 

(NH4)2HPO4  0.6 กB\H bEHc??]_ZกU\^? 12.5 H>U>U>VBSUdA?_ZHZbEHก\eMG@LNOH=\UQ>@?D 0.5 กB\H 

SUdAfgh?LdAOTAZH@B[AfBiHZj 1,000 B=eV̀=?ZDNfBiHZ? 5 ?ZDN SUibEHก\eOZklZBZc?=\VBZE`A? 

0%, 2.5%, 5%, SUi 10% VZHU_ZL\efgh?bEHก\?=NกfBiHZ? 1 m\^AMHkDN^TAZH@B[AB=e 50 B=eV̀=?ZDN 

nU\kQZกDN^E`A?bEH@odZก\?LNSUdAQpk?_ZFfnOLUkc?EZBUiUZOSTUGNOHF?@VBV Ca(NO3)2.4H2O   

6% DN^ pH 4 SUifB\e=qjnrsH>DN^ 25 =ktZ@GU@GNOE nOLo=kEZBUZOMG@LNOH=\UQ>@?DL\kกU`ZAก[Qi

กUZO@fu? @H[Lo=kSTU@GNOH=\UQ>@?DGp^k@fu?FeM=l=U>@H=BCm?>Ln?p^k SUdAL_Z@?>?กZBfgh?V̀=FfDN^

TAZH@B[AB=e 50 B=eV̀=?ZDN SUiD>]kFAd@fu?@AUZ 16 m\^AMHk@la^=@fu?กZBcndEZBFL==HMH@?NOH

FPMLB@Q?R=E@RE SUiSTU@GNOHF?@VBV @ก>LกZBBAHV\Aก\?@fu?EZBfBiก=eFPLB=กGN=ilZFDDC 

op]? nU\kQZก?\]?D_ZกZBกB=k@H[L@QU ==กSUdAUdZkLdAO?]_ZกU\^? 3 B=e@la^=oQ\LSTUGNOHF?@VBVDN^=ZQ

O\kVกTdZk=Os`==กcndnHL MLO?_Z@=Z@H[L@QUDqก=\VBZE`A?DN^FLdB\eกZBfB\e@fUN^O? FfL_Z@?>?กZBA\L

TAZHTkMLOcmdv\knH\กDN^fgh?LdAOTAZH@B[A 1,000 B=eV̀=?ZDN DN^=qjnrsH> 25 =ktZ@GU@GNOE  (Zhang et 

al., 2009) 

            10Ca (NO3)2 + 6(NH4)2HPO4 + 8NH3.H2O              Ca10 (PO4)6(OH)2 + 6H2O + 20NH4NO3 

2.3 ก���#������
�"	���� 	�$��������"�&#"����!� 
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            2.3.1 	,�	
����-# (Viscosity) 

  �#�/�����6���"-������� 2.2 +�7�!�����<&�ก���+�7%�+.��
����D��%������ 

Brookfield Digital (Well-Brookfield LVT, series 82198 fBi@Dt EnB\z=@HB>กZ) ��"��������	*!���

���� �#�%���+, �#�%���+-0(���ก3�����0++	 *�� �#�%���+-0(���ก3�����0++	 -��"���� TAZH@B[A 13 

B=eV̀=?ZDN shear rate 12.9 cmdn\AA\L C-21 =̀Z?T`ZnU\kQZก 30 A>?ZDN MLOD_ZกZBA\LV\A=O`Zko=k=\U

Q>@?DDN^HNfB>HZjOZklZBZ 0%, 2.5%, 5% SUi 10%  DN^=qjnrsH> 4, 25 SUi 50=ktZ@GU@GNOE@la^=D_Z

กZB@fBNOe@DNOeÀZ=qjnrsH>SUifB>HZjOZklZBZDN^E`kbUHNbUV̀=T`ZTAZHn?aL (Tina et al., 2008) 

2.3.2 	,�	
��	��
���!	����.��"�&#"����กก������# 

+�-��/���*�D"*�"+�+��!��ก������#�������/�67�" Texture Profile 

Analysis (TPA), (TA-XT2 Stable Micro System, fBi@Dt=\kก|}) ��+.�ก���#���D��%��#�%���+, 

�#�%���+-0(���ก3�����0++	 *�� �#�%���+-0(���ก3�����0++	 -��"����%�ก��� 2.2 ��

��6�ก������" load cell ��������-� *���
�� 7����
ก�:	�#�%#�����
��*�� -.���#� 

compression test %�ก�# &�AZkV\A=O`Z"DN^QiA\Lcnd=O s`VBkกUZk  BinA`Zkn\AกLSUizZ?B=k 

QZก?\]?@U a^=? n\AกLcnd�������ก��ก#�la]?b >AL dZ?e?��"!#�����"
����: 5 ��. ��6 7�+� 7%�

- � � � � $ �. � ! #� � � �� " � � �� -� � ก % � ก L � � 0 � �- � � � ก  Q Z ก ? \]? D _Z ก Z B  z e r o  T `Z S B k 

@la^=ก_Zn?LV_ZSn?`kกU\eTa? o=k crosshead nU\kQZกกZBDLE=eE>]?EqL���ก��+�-��*���

+.�ก���#�+<ก/����"*�"����!��"  (Bourne, 1982) 

 

 2.3.3 	,�	
��	��
/��0�
�����ก   

�.������D��%�%�ก��� 2.2 +�ก�#!��-��� 0
�.�����ก���#�/���/"�����$#"��#ก+�7


BQ�����/�����D� 1,000 ���!����+� +�7��:�1>�� 25 �"���3��3��- �
������1 m\^AMHk ��67��<ก���#!��

ก��/"���6���"��D��%���� 

 

 

 

 

2.3.4 	,�ก��#1#*��2��   
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�������D��%�*!��������&.���#ก 2.5 ก�#� *���+.����*��"����ก����+�7��:�1>�� 40 �"��

�3��3��- 24 ��. ��#"%�ก�#&��.�0
*�����&.��
���+�&"0�� 16 �#7��"��67������D��%��>��&.�ก�#���ก/�#&"

*����.��&.���#กก���*����#"ก��*��0
/.���:!��-�ก���#"��& 

 

% EWU = [(Ws-Wd)/Ws] x 100 

 

��+�7  Ws /6� �&.���#ก��"��D��%���#"%�กก��+.�����>�3<��&.�ก�#� Wd /6� �&.���#ก��"��D�

�%���#"%�กก��+.����*��" EWU (equilibrium water uptake) /6�/��ก���>�3<��&.�ก�#���"��D��%� 

 

2.3.5 !	����.�����"�&#"��!#�/3. ก�.��������4� ��"�&ก����3��#�,��ก��# (SEM) 

!��%-��/�"-���"��"��D��%�%�ก��� 2.2 �����ก���"%��+����	����Dก!�������-��"

ก��� 3<7"%�+.�ก��!��%/�"-���"��"��D��%� �#�%���+, �#�%���+-0(���ก3�����0++	 *�� �#�

%���+-0(���ก3�����0++	 -��"���� ��67��>/���*!ก!��"+#&"1����*��1����ก ��!�<"��D��%���

�0����*+�����*���+.�ก��/�+����;"+�"������->���ก��%�ก�#&�!#�����"%�$>ก���/����	

����ก���"%��+����	����Dก!���*��-��"ก��� (SEM), (��7��� Juol ���� JSM-5800LV 
���+���7
�@�) 

��67��<ก���#ก�:��6&�;����"!#�����" +#&"-���+�7�����*��-���+�7�
�����*!ก��1�/!#����"��"��D�

�%�*!���
���1+�����+#&"�#����� (Tu, 2005) 

 

2.3.6 !	����.�����"�&#"��!#�/3. ก�.��������4� ��"�&ก����3��#�,��5,�� (TEM)     

!��%-��/�"-���";�<ก��"��D��%�%�ก��� 2.2 �����ก���"%��+����	����Dก!�������-��"

;��� ��+.�ก������D��%�%�ก��� 2.2 *�����������!�*ก�"���� 100 0�/���!� %�ก�#&�;"+�70��0


!��%-��/�"-���";�<ก��"��D��%������ ก���"%��+����	����Dก!�������-��";��� (TEM), (��7��� 

Hitachi ���� 7700 
���+���7
�@�)      

 

 

  2.3.7 ก����
�
�"	���� ����1, functional #.
�"	�-��� FT-IR 
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!#�����"��D��%����%�$>ก��-.���#�+.�ก�����/����	�����/�67�" ATR-microscope FT-IR  

(Vertex 70 Bruker EZoZfBi@DtFDO) ก�����/����	%���� ก��-*ก�����-�
/!�#����"/���$�7 800-

4000 cm-1 *��-*ก�3&.� 128 ��� +�7/����������+�ก  4 cm-1 (Singthong et al., 2005) 

 

2.3.8 ก����6�"��(*� ���"
�� "��     

กZB@VBNOH@H[L@QU?ZM?L\k@m`?od= 2.2 MLObEH@=?FGHC=>?@A=BC@DEUkFf 10 unit/ml c?

E`A?SBกTa=FL==HMH@?NOHFPMLB@Q?R=E@RE (NH4)2HPO4 DN^bEHก\eMG@LNOH=\UQ>@?D SUdAD_Z

VZHo\]?V=?od= 2.2 !��0
%�0����D��%���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

����� 3 
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5�ก��
��� (Results) 

3.1 �2����ก��"�����"�&#"����!�   (Preparation of nano gel beade) 

ก���!������D��%�����#&����7���ก���.����-���*�ก/6�0�*��������0(���%�2�-�2- 

(NH4)2HPO4  0.6 ก�#� ;-����&.�ก�#7� 12.5 ������!�*����.���;-�ก#�3������#�%���+ 0.5 ก�#� 

*���
BQ�����/�����D�
����: 1,000 ���!����+�
����� 5 ��+� *��;-�ก#���"�������#!��-��� 

0%, 2.5%, 5%, *�� 10% !���.��#�
BQ�;-�ก#���ก
����� 1 �#7��"+�7/�����D���� 50 ���!����+� 

��#"%�ก+�7-���;-�����ก#���*���%<"�.�0
����"��-�������*/�3���0��!�! Ca(NO3)2.4H2O   

6% +�7 pH 4 
����!� 500 �������!� -�����3������#�%���+�#"ก����กD%�ก����
�� ��D���"

*/��3����#�%���+3<7"�
��0����������	������<7" *����.�����ก��
BQ�!��0
+�7/�����D���� 50 ���

!����+� *��+�&"0���
������ 16 �#7��"��67��
��ก�����-��0�*��������0(���%�2�-�2- *��

*/��3���0��!�! �ก��ก�����!#�ก#��
��-��
��ก��0(���ก3�����0++	 �<&� ��#"%�ก�#&�+.�ก��

ก��"��D��%� ��ก*������"�����&.�ก�#7� 3 �����67��%#�*/�3���0��!�!+�7��%�#"!ก/��"��>�+�7;���%���ก

������ ���
�����+���ก#���D��%�+�70���-�0(���ก3�����0++	 %�ก�#&�%<"�.�0
�.�����ก���#�/���

/"!#�!��0
  3<7"�#!��-���ก��;-�*-�"!���"+�7 1 

!���"+�7 1 �#!��-���;-���"�%�*!�������*��
����:��"���� 


����:��"���� 

������"��D��%���� 

*/�3����#�%���+ (CA) 
*/�3����#�%���+-0(���ก3�����

0++	 (CA-HA)5% 

0%  CA/LX 0% CA/HA/LX 0% 

2.5%  CA/LX 2.5% CA/HA/LX 2.5% 

5%  CA/LX 5% CA/HA/LX 5% 

10%  CA/LX 10% CA/HA/LX 10% 

15%  CA/LX 15% CA/HA/LX 15% 

              20% 
  

CA/LX 20% CA/HA/LX 20% 
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\ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 BsfDN^ 3 U\ก}jio=k@H[L@QU?ZM? CA/LX DN^TAZH@o[Hod?o=kOZklZBZ 0, 2.5, 5, 10, 15 SUi 

20% (a) CA/HA/LX DN^TAZH@o[Hod?o=kOZklZBZ 0, 2.5, 5, 10, 15 SUi 20 % (b) 
 

%�กก��+�-��;��!��D��%���� +�7��
����:��"����!#&"*!�/����������%�ก 0-20 �������


����:��"��"����+�7�����!��ก��;��!��D��%����/6�  0, 2.5, 5 SUi 10% ��67�"%�ก�#ก�:���D�

�%����+�7��
����:��"����!#&"*!�/����������+�7 15 *�� 20% �#&�0��-����$�.�0
���0�� �������D�

�%�%���������Dก*����"�#���67�"��%�ก
����:�&.���"����+�7��ก�ก��0
+.����-��������#�%���

+0��-����$*�D"!#���67������"/	
��ก��+#&"���0��0��+#� %<"+.�������&.���"��"-���������ก��;-�

��>���-������������"��%�-#"�ก!0��%�ก-����������-�������*/�3���0��!�! (0��*-�"�>
) ��ก

+#&"��D��%����+�70���#"����&.��#���67�"��%�ก/���$��"%.�������"��"����*����6�2�"��ก����;�

�����D��%��������&.�*��0�������-���ก���.�0
���3<7"*-�"���>
+�7 3 

 

 

 

a 

1 2 3 4 5 6 

b 

1 2 3 4 5 6 
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3.2 �#���	
����-# 

MLOcmd@TBa^=k Brookfield  TAZH@B[A 13 B=eV̀=?ZDN shear rate 12.9 cmdn\AA\L C-21 =̀Z?T`Z

nU\kQZก 30 A>?ZDN MLOD_ZกZBA\LV\A=O`Zko=k  =\UQ>@?DDN^HNfB>HZjOZklZBZ 0%, 2.5%, 5% SUi 10%  

DN^=qjnrsH> 4, 25 SUi 50 =ktZ@GU@GNOE @la^=D_ZกZB@fBNOe@DNOeÀZ=qjnrsH>SUifB>HZjOZklZBZDN^

E`kbUHNbUV̀=T`ZTAZHn?aLo=kEZBUiUZOMG@LNOH=\UQ>@?D leÀZT`ZTAZHn?aLQiEskDN^EqLก[V̀=@Ha^=

=qjnrsH>V̂_ZDN^EqLTa=DN^ 4 =ktZ@GU@GNOESUiQiULUk@Ba^=O�Q?T`ZV̂_ZDN^EqLDN^ 50 =ktZ@GU@GNOE =\?

@?a^=kHZQZกDN^=qjnrsH>V̂_ZTAZHcกUdm>Lก\?o=kMH@UกqUE`kbUV̀=TAZHSo[kSBko=kl\?�iDN^Q\eV\Aก\?

E`kbUcndHNT`ZTAZHn?aLEsk (Parente et al., 1998) c?DZkVBkก\?odZHก\?=qjnrsH>DN^ 50 =ktZ@GU@GNOE 

lU\kkZ?TAZHBd=?DN^@odZFfQiD_ZUZOl\?�ieZkE`A?D_ZcndMH@UกqU@กZiก\?=Os`ǹZk�SUinUAHE`kbU

cndT`ZTAZHn?aLULV̂_ZUk=O`Zk@n[?FLdm\L (Livonniere, 1993) c?E`A?o=kfB>HZjOZklZBZDN^@V>H@odZFf

leÀZvdZ@f=BC@G[?VC?]_ZOZkDN^@V>HUkFfEskQiE`kbUV̀=T`ZTAZHn?aLo=kEZBUiUZODN^V̂_ZUk @?a^=kHZQZก

OZklZBZHNfB>HZj?]_ZDN^EskQpkD_ZcndT`ZTAZHn?aLo=kEZBUiUZO?\]?ULV̂_ZUkSV̀@Ha^=HNกZBc??]_Z

OZklZBZ?d=OUkT`ZTAZHn?aLo=kEZBUiUZO?\]?ก[QiT`=O�@l>^Hop]?Q?cกUd@TNOkก\eEZBUiUZODN^O\kFH`

@V>H?]_ZOZklZBZ L\kDN^SELkc?BsfDN^ 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 
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BsfDN^ 4 SELkT`ZTAZHn?aLo=kEZBUiUZOMG@LNOH=\UQ>@?DDN^=qjnrsH>SUifB>HZj?]_ZOZklZBZDN^V̀Zkก\?

MLOBsf (a) Ta=TAZHn?aLo=kEZBUiUZOMG@LNOH=\UQ>@?DSUiOZklZBZSUiBsf (b) Ta=TAZH

n?aLo=kEZBUiUZOMG@LNOH=\UQ>@?DbEHEZBUiUZOFPLB=กGN=ilZFDDCSUiOZklZBZ 

 

 

 

3.3 ��� !"#�$"%&$'(#" 
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bUo=kกZBA\LTAZHTkV\Ao=k@H[L@QUMLOD_ZกZB@fBNOe@DNOeBinÀZkSTU@GNOH=\UQ>@?D SUi

STUGNOH=\UQ>@?D-FPLB=กGN=ilZFDDC MLO@V>HOZklZBZUkFfc?=\VBZE`A? 0%, 2.5%, 5%, SUi 

10% VZHU_ZL\eleÀZSTU@GNOH=\UQ>@?DGp^kOZklZBZc?=\VBZE`A? 0%, 2.5%, 5%, SUi 10% cndT`Z

TAZHSo[kSBkDN^ 600, 685, 720 SUi 920 กB\HV̀=VZBZk@G?V>@HVB VZHU_ZL\e E`A?c?กUq`Ho=k

STU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDC leÀZcndT`ZTAZHSo[kSBkDN^ 800, 830, 850 SUi 1,000 กB\H

V̀=VZBZk@G?V>@HVB L\kDN^SELkc?BsfDN^ 5 @Ha^=@fBNOe@DNOeก\?ก\e@H[L@QUD\]kE=km?>LleÀZDN^กZB@V>H

OZklZBZDN^ 0% T`Zo=kTAZHSo[kSBko=k@H[L@QUD\]kE=k?\]?HNTAZHSVกV̀Zkก\?@fu?=O`ZkHZก Ta= 600 

SUi 800 กB\HV̀=VZBZk@G?V>@HVB TAZHSVกV̀ZkL\kกU`ZA@ก>LHZQZกMTBkEBdZko=kFPLB=กGN=ilZ

FDDC DN^@V>HUkFfHNbUV̀=T`ZTAZHSo[kSBk SV̀T`ZTAZHSo[kSBk?\]?Qi@l>^Hop]?@Ba^=O� Q?FfcกUdก\?DN^T`Z 

970 SUi 1,000 กB\HV̀=VZBZk@G?V>@HVB @?a^=kHZQZกfB>HZjo=kOZklZBZDN^@V>HUkFfGp^k@l>^Hop]?EskEqL

DN^ 10%  Q?D_ZcndHNT`ZTAZHSo[kSBkDN^cกUd@TNOkก\? SV̀QZกกZBE\k@กVU\ก}jio=kกBZRD\]kE=kleÀZDN^

QqLfUZOo=kกBZRnBa= j QqLDN^@ก>LกZBSVกo=k@H[L@QU?ZM?leÀZHNU\ก}jio=k@Ed?กBZRDN^SVกV̀Zk

ก\? MLOกBZRo=kSTU@GNOH=\UQ>@?DSUiOZklZBZHNfUZOo=kกBZRDN^e`kmN]vpkกZB@ก>LกZBSVกo=k@H[L

@QU?ZM?@lNOkTB\]k@LNOASV̀@Ed?กBZRo=kSTU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDC SUiOZklZBZ HNกZB

SVกo=k@H[L@QU?ZM?vpkE=kTB\]k Gp^kU\ก}jiL\kกU`ZAEZHZBve=กe=กFLdÀZFPLB=กGN=ilZFDDC DN^

bEHUkFfEZHZBvD_Zcnd@ก>LTAZHSVกV̀Zkc?กZBSVกo=k@H[L@QU?ZM?FLd (Orive et al., 2003)  

QZกMTBkEBdZkSUiU\ก}jiกZBSVก@n[?FLdm\LÀZFPLB=กGN=ilZFDDC FLdEBdZkMTBkEBdZk=Nก

m\]?n?p^kop]?rZOc?@H[L@QU?ZM? SUiMTBkEBdZkL\kกU`ZAEZHZBv@l>^HTAZHSo[kSBkcndก\e@H[L@QU?ZM?

FLd MLOEZHZBvE\k@กVFLdQZกกZBSVกTB\]kSBกo=k@H[L@QUSTU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDC 

SUiOZklZBZHNT`ZDN^cกUd@TNOkก\?ก\e@H[L@QUSTU@GNOH=\UQ>@?D-OZklZBZ Gp^k?̀ZQi@ก>LQZกSBkVdZ?DZ?

o=kV\A=\UQ>@?DSUiOZklZBZ SUinU\kQZก?\]?O\kEZHZBvVdZ?DZ?กZBSVกFLd=NกBiL\e?pkก`=?@H[L@QU

?ZM?QiSVก=NกTB\]kQZกrZOc?V\A@H[L@QU?ZM? Gp^kQZกbUกZBDLU=k?N]D_ZcndleÀZFPLB=กGN=ilZ

FDDC EZHZBvEBdZkMTBkEBdZkrZOc?SUi@l>^HTAZHEZHZBvc?กZBVdZ?DZ?SBkeNe=\LFLdLNO>^kop]? 

(Avella et al., 2007) 

 

 

 

 (a) 
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BsfDN^ 5 SELkT`ZTAZHTAZHVdZ?DZ?SBkeNe=\Lo=k@H[L@QUSTU@GNOH=\UQ>@?DSUiOZklZBZ 

(a) SUi@H[L@QUSTU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDC SUiOZklZBZ (b) 

 

 

 

3.4 ��� !"#�$"%&$'(#"*+,#'-&#ก 

(N
) 

(N
) 

(b) 
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กZB@VBNOH@H[L@QU?ZM??\]?@B>^HMLOกZB?_Z@=ZE`A?SBกTa=FL==HMH@?NOHFPMLB@Q?R=E@RE 

(NH4)2HPO4  0.6 กB\H bEHc??]_ZกU\^? 12.5 H>U>U>VBSUdA?_ZHZbEHก\eMG@LNOH=\UQ>@?D 0.5 กB\H 

SUdAfgh?LdAOTAZH@B[AfBiHZj 1,000 B=eV̀=?ZDNfBiHZ? 5 ?ZDN SUibEHก\eOZklZBZc?=\VBZE`A? 

0%, 2.5%, 5%, SUi 10% VZHU_ZL\efgh?bEHก\?=NกfBiHZ? 1 m\^AMHkDN^TAZH@B[AB=e 50 B=eV̀=?ZDN 

nU\kQZกDN^E`A?bEH@odZก\?LNSUdAQpk?_ZFfnOLUkc?EZBUiUZOSTU@GNOHF?@VBV Ca(NO3)2.4H2O 

6%  DN^ pH 4 SUifB\e=qjnrsH>DN^ 25 @GU@GNOE nOLo=kEZBUZOMG@LNOH=\UQ>@?DL\kกU`ZAก[QiกUZO@fu? 

@H[Lo=kSTU@GNOH=\UQ>@?DGp^k@fu?FeM=l=U>@H=BCm?>Ln?p^k SUdAL_Z@?>?กZBfgh?V̀=FfDN^TAZH@B[AB=e 

50 B=eV̀=?ZDN SUiD>]kFAd@fu?@AUZ 16 m\^AMHk@la^=@fu?กZBcndEZBFL==HMH@?NOHFPMLB@Q?R=E@RE 

SUiSTU@GNOHF?@VBV @ก>LกZBBAHV\Aก\?@fu?EZBfBiก=eFPLB=กGN=ilZFDDC op]? nU\kQZก?\]?D_Z

กZBกB=k@H[L@QU ==กSUdAUdZkLdAO?]_ZกU\^? 3 B=e@la^=oQ\LSTU@GNOHF?@VBVDN^=ZQO\kVกTdZk=Os`==กcnd

nHL MLO?_Z@=Z@H[L@QUDqก=\VBZE`A?DN^FLdB\eกZBfB\e@fUN^O? FfL_Z@?>?กZBA\LTAZHTkMLOcmdv\knH\ก

DN^fgh?LdAOTAZH@B[A 1,000 B=eV̀=?ZDN DN^=qjnrsH> 25 =ktZ@GU@GNOE  Gp^kSELkbUกZBDLU=kL\kกBZR

DN^ 6 leÀZ@Ha^=@l>^HfB>HZj=\VBZE`A?o=kOZklZBZ@l>^Hop]?=\VBZกZBกZBTk@nUa=o=k@H[L@QUก[@l>^Hop]?

VZHE\LE`A?o=kOZklZBZGp^kEBqfFLdÀZ OZklZBZSUiFPLB>กG>=ilZFDDCHNbUD_ZcndTAZHSo[kSBko=k

@H[L@QU@l>^HHZกop]? 

 

 

 

 

 

 

 

 

 

 

 

BsfDN^ 6 SELkfB>HZjกZBTk@nUa=o=k@H[L@QUc?MLOcmdv\knH\กDN^fgh?LdAOTAZH@B[A 1,000 B=eV̀=?ZDN  

3.5 ��� !ก%0�1�2#!+34%  
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QZกกZBDLU=kleÀZ@Ha^=@DNOeก\e@H[L@QUDN^FH`bEHEZBFPLB=กGN=ilZFDDC SUiOZklZBZUk

FfHNT`ZกZBLsLGpH?]_ZกU\eDN^EskDN^EqLSV̀@Ha^=cE`EZBFPLB=กGN=ilZFDDC UkFfก[leÀZT`ZกZBLsLGpH?]_Z

กU\eHNfB>HZjDN^ULUkSUi@Ha^=@V>HOZklZBZUkFfก[E`kbUcndT`ZกZBLsLGpH?]_ZULUk@l>^Hop]?=Nก QpkEBqf

FLdA`ZEZBD\]kE=k?\]?FH`HNTqjEHe\V>nBa=EZHZBvLsLGpH?]_ZกU\eFLdc?fB>HZjDN^?d=OQpkD_Zcnd@H[L@QUDN^HN

กZB@V>HEZBL\kกU`ZAHNT`ZกZBLsLGpH?]_ZกU\eDN^ULUk (Gorka et al., 2009) SUiTAZHEZHZBvc?กZBLsL

GpH?]_ZกU\e?N]O\kQiULUkVZH=\VBZE`A?o=kOZklZBZDN^@l>^Hop]?=NกLdAO (BsfDN^ 7) 

 

 

 

 

 

 

 

 

 

 

         BsfDN^ 7 SELkT`ZTAZHLsLGpH?]_ZกU\eo=k@H[L@QUm?>LV̀Zk�DN^HNfB>HZ?OZklZBZDN^V̀Zkก\? 

 

 

 

 

 

3.6 ��
����!	����.�����"�&#"��!#�/3. ก�.��������4� ��"�&ก����3��#�,��ก��# (SEM) 
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QZกกZBtpก}ZU\ก}jio=kla]?b>Ao=kV\A@H[L@QU?ZM?m?>LSTU@GNOH=\UQ>@?DLdAOก���"

%��+����	����Dก!�������-��"ก��� (SEM) MLOD_ZกZBE\k@กVDN^b>A?=กSUirZTV\LoAZko=k@H[L@QU

?ZM?DN^b`Z?กZBD_ZSndkLdAOTAZH@O[? leÀZ@ก>LB=OO`?Q_Z?A?HZกDN^la]?b>Ao=k@H[L@QU?ZM?SUiHN

o?ZLo=k@H[L@QUfBiHZj 2 �������!��#"�>
+�7 8 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
      BsfDN^ 8 U\ก}jio=kla]?b>A@H[L@QU?ZM?o?ZLfBiHZj 2 H>UU>@HVB (a) rZlU\ก}jio=kla]?b>A

@H[L@QU?ZM?, (b) U\ก}jirZTV\LoAZko=k@H[L@QU?ZM? 

กZBtpก}ZU\ก}jio=kSTU@GNOH=\UQ>@?DMLO@V>HOZklZBZUkFfc?=\VBZE`A? 0%, 2.5%, 5%, 

SUi 10% LdAOก���"%��+����	����Dก!�������-��"ก��� (SEM) ������#ก�:����7�*�กก���ก���!��

��"������"��D��%��#�%���+���#ก�:��
���-����+�7*�����>����ก��%��!#���>�+#7�0
 *!���#"%�ก�!��

��"�����"0
������#ก�:����1�/��"��D��%�����
��7���
���#ก�:�/��������7��*�������"���"+�7

�����" (Descamps, et al., 2009) 3<7"�#ก�:��#"ก����%����7��<&���67����7�
����:��"��"�������7��<&�

L\kBsfDN^ 9  

 

 

 

 

 

(a) (b) (a 
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BsfDN^ 9  U\ก}jila]?b>Ao=kSTU@GNOH=\UQ>@?DMLO@V>HOZklZBZUkFf OZklZBZ 0% (a), OZklZBZ2.5% 

(b), OZklZBZ 5% (c)  and OZklZBZ 10% (d) 
 

กZBtpก}ZU\ก}jio=kSTU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDC MLO@V>HOZklZBZUkFfc?

=\VBZE`A? 0%, 2.5%, 5%, SUi 10% LdAOก���"%��+����	����Dก!�������-��"ก��� (SEM) �����

�#ก�:����7�*�กก���ก���!����"������"��D��%��#�%���+-FPLB=กGN=ilZFDDC ���#ก�:��
����D�

ก��+�7�����"���"ก��%��!#���>�+#7�0
 *!���#"%�ก�!����"�����"0
������#ก�:����1�/��"��D��%�

����
��7���
���#ก�:�ก<7"ก��ก<7"*��*�������"���"+�7�����" 3<7"�#ก�:��#"ก����%����7��<&���67����7�


����:��"��"�������7��<&��#"�>
+�7 10 3<7"�#ก�:��#"ก������!��*�ก%���D�0���#�����
����+8�����

%�ก0(���ก3�����0++	 +�7����7���.�����ก���
��/�"-���"+�7�
����D�ก��*�������"���"������"

���1�/+�7��ก*!���#"%�ก�!����"�����"0
+.����/�"-���"���#ก�:�*���"*��*�����ก�<&��#�

��67�"��%�ก��"����0
��;�������1�/�
��7���>
���" 

 

 

(b) (a) 

(c) (d) 

(b) (a) 
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BsfDN^10 U\ก}jila]?b>Ao=kSTU@GNOH=\UQ>@?D-FPB=กG>=ilZFDDCMLO@V>HOZklZBZUkFf       

OZklZBZ 0% (a), OZklZBZ 2.5% (b), OZklZBZ 5% (c)  SUi OZklZBZ 10% (d) 

 

3.7 �#��� TEM (Transmission Electron Microscope) 

 QZกกZBDLE=eMLOกZBv`ZOrZl TEM (Scanning Electron Microscope) (BsfDN^ 11) leÀZ

U\ก}ji=?qrZTo=k=kfBiก=eV̀Zk�?\]?SVกV̀Zkก\?MLODN^@BZEZHZBvQ_ZS?กbUpกo=kFPLB=กGN=i

lZFDDC FLd=O`Zkm\L@Q? (Descamps, et al., 2009)  SV̀c?E`A?o=kOZklZBZSUi=\UQ>@?D?\]?vdZBAHV\A

ก\?SUdAQiFH`EZHZBvQ_ZS?กnBa=OZกV̀=กZBQ_ZS?กFLdÀZ@fu?EZBcL QpkEZHZBvEBqfFLdÀZ FPLB=ก

GN=ilZFDDC ?\]?FH`HNE`A?@กN^OAod=kก\eกZBBAHV\Aก\?o=kEZBV̀Zk�SV̀m`AOc?กZBSOกnBa=ก`=cnd@ก>L

MlBknBa=MTBkEBdZkDN^@fu?Bsop]?c?MTBkEBdZk SUiV\Ao=k=\UQ>@?DSUiOZklZBZ@fu?V\AfBiEZ?A\ELq

V̀Zk�cnd@odZ@fu?@?a]=@LNOAก\?@ก>L@fu?MTBkEBdZkDN^HNU\ก}ji@�lZiop]?HZ 

 

 
(a) (b) 

(c) (d) 
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�>
+�7 11 *-�"�>
+�7FLdQZกกZBv`ZOrZlLdAO TEM (a), FPLB=กGN=ilZFDDC (b), =\UQ>@?D (c), =\UQ>@?D

SUiFPLB=กGN=ilZFDDC 10% (d), SUiOZklZBZSUi=\UQ>@?DSUiOZklZBZ 10% (e) 

 

 

3.8 ��� !ก%0�1�ก89+0#'�: ;+<0%=0� (Fourier Transform - Infrared Spectroscopy) 
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กZBDLE=e@H[L@QUm?>LV̀Zk�MLOcmd@DT?>T FT-IR MLOc?กZBDLE=e@fu?กZBcmd@H[L@QUc?

=\VBZE`A?V̀Zk�HZeLcndHNo?ZLfBiHZ? 10 FHTB=?SUdA?_Z@odZDLE=ec?@TBa^=k FT-IR Tensor 27 

(Bruker) MLOA\L spectrum DN^ 4,000-800 cm-1 SUiA\LG]_Z 128 scans leÀZEZBSV̀Uim?>LDN^?_ZHZbEH

c?กZBEBdZk@H[LeNLm?>LV̀Zk�op]?HZ?\]?HNTAZHSVกV̀Zkก\?DZkMTBkEBdZk@fu?=O`ZkHZก SUiHNl\?�i

@THNnU\กc?EZBSV̀UiV\ADN^FH`HNTAZHcกUd@TNOkก\?HZก?\กMLO@�lZiFPLB=กGN=ilZFDDC DN^HNlNTDN^

V_ZSn?̀k 1082, 1030 and 964 cm-1 Gp^k@fu? PO4 (Bonfield and Hing 2002) E`A?V\Ao=kOZklZBZQiHN

lNTDN^V_ZSn?̀k 2960 - 2857 cm-1 DN^@fu?U\ก}ji@L̀?SUi=\UQ>@?DDN^V_ZSn?̀k 1717 cm- SUi 1544 cm-1 

(Won et al., 2005) DN^MLL@L̀?Gp^k@fu?U\ก}ji@�lZiV\Ao=kEZBSV`Uim?>Lc?BsfDN^ 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BsfDN^ 12 SELkBsfDN^FLdQZก Fourier Transform Infrared (FTIR) Spectroscopy MLO

D_ZกZBtpก}Zl\?�iDZk@THNo=kEZBV\A=O`ZkSV̀Uim?>LHZ@fBNOe@DNOeก\? 

3.9 ก���#���ก����6�"��(*�  
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��#"%�กก��+�-��
��-�+8�1����"���03�	�������	�+-+�7$>ก!�<"��@H[L@QU?ZM?m?>L

V̀Zk� MLO���03�	�������	�+-@fu?@=?FGHCDN^O`=O?]_ZVZUGsMTBEcndFLd?]_ZVZUกUsMTESUiRUqTMVE

SUiHN=qjnrsH>SUi pH @nHZiEHEskEqL=Os`DN^ 55 =ktZ@GU@GNOE*�� pH 4.6 VZHU_ZL\e MLO?_Z@=?FGHC

L\kกU`ZAHZVBpkc?STU@GNOH=\UQ>@?DSUi@V>HOZklZBZUkFfc?=\VBZE`A? 0%, 2.5%, 5%, SUi 10% 

MLOHNกZBTAeTqH=qjnrsH>c?BinÀZkกZBEBdZk@H[L@QUDN^=qjnrsH> 4, 10, 20, 30, 40 SUi 50 =ktZ

@GU@GNOE3<7"�������������ก�%ก�����"���03�	%�ก���7�!��%�$<"-�&�-��ก�%ก�����"=\VBZE`A?

OZklZBZDN^ 0%, 2.5%, 5%, SUi 10% ��>�+�7 10, 48, 130  SUi  200 m\^AMHk(BsfDN^ 13) VZHU_ZL\e c?Dqก�

=qjnrsH>BinÀZkกZBEBdZk@H[L@QU?ZM?leÀZHNก>QกBBHo=k@=?FGHCD\]kE>]? Oก@Ad?DN^=qjnrsH> 50 =ktZ

@GU@GNOEFH`leก>QกBBHcL�o=k@=?FGHC Gp^kE=LTUd=kก\eU\ก}ji���1�/+�7-#"�ก!0��%�ก���ก���" 

SEM +�7��67����7�
����:��"��"�����#ก�:����1�/%�*����<&�*�����>���������" 
��ก��ก#�ก��+�7

��"����0���#���:�1>��->"%�+.�����ก��ก�����%�
f��#"�>����%���� ���03�	+�7��>�����D��%�%<"0��

-����$��ก����ก�%ก���1����ก0��%<"0����ก�%ก����� ��"���03�	����:�1>���#"ก���� *!���67�

�
�����+���ก#���D��%��������STU@GNOH=\UQ>@?D-FPLB=กGN=ilZFDDCDN^@V>HOZklZBZUkFfc?

=\VBZE`A? 0%, 2.5%, 5%, SUi 10% ก�#���������#!��/�����D���"ก���ก��ก�%ก�����"���03�	+�7

��D�ก�����-#"�ก!0��%�ก��������+�7���7�!��%�$<"-�&�-��ก�%ก�����"���03�	�#&���D�ก���@H[L@QU

STU@GNOH=\UQ>@?DDN^@V>HOZklZBZ@fu?=O`ZkHZก MLOBiOi����+�7�����>�+�7 7, 8, 10 SUi17 m\^AMHkVZH

=\VBZE`A?OZklZBZDN^ 0%, 2.5%, 5%, SUi 10% !���.��#�(�>
+�7 14)  ��ก+#&"c?Dqก�=qjnrsH>o=kกZB

EBdZk@H[L@QU?ZM?leÀZHNก>QกBBHo=k@=?FGHCD\]kE>]?!#&"*!� 4, 10, 20, 30, 40 SUi 50 =ktZ@GU@GNOE

3<7"*!ก!��"ก#�@H[L@QUSTU@GNOH=\UQ>@?DDN^@V>HOZklZBZ+�7FH`leก>QกBBHcL�o=k@=?FGHCDN^=qjnrsH> 

50 =ktZ@GU@GNOEGp^kE=LTUd=kก\eU\ก}ji���1�/+�7-#"�ก!0��%�ก���ก���" SEM +�7��67���ก��;-�  

0(���ก3�����0++	 �"0
���1�/%����#ก�:��
����D�ก��*�����>������ก�<&� %<"-����$-��
0��

���0(���ก3�����0++	 +�7;-��"0
��-���+.����/�"-���"��"��D��%�����
��7��0
����/���

�
���>������ก��7"�<&� 
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�>
+�7 13 ��������ก���.�����ก�%ก�����"���03�	�������	�+-+�7$>ก!�<"����D��%��#�%���+*����"���� ��D��%��#�%���+ (a), ��D��%��#�%���+*����"���� 2.5% 

(b), ��D��%��#�%���+*����"���� 5% (c), *�� ��D��%��#�%���+*����"���� 10% (d) 
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�>
+�7 14 ��������ก���.�����ก�%ก�����"���03�	�������	�+-+�7$>ก!�<"����D��%�������� �#�%���+-0(���ก3�����0++	 *����"���� ��D��%��#�%���+-0(���ก

3�����0++	 (a), ��D��%��#�%���+-0(���ก3�����0++	 *����"���� 2.5% (b), ��D��%��#�%���+-0(���ก3�����0++	 *����"���� 5% (c) *�� ��D��%��#�%���+-

0(���ก3�����0++	 *����"���� 10% (d) 
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Q_Z?A?TB\]ko=kกZBcmdkZ?  

3.9 ก���#���ก�����ก����/3.*2�����"�&#"����!����/3.��6�"��(*�        

 ��#"%�ก+�7;���ก�����ก��!�<"���03�	��D��%����*!�������%�$>ก�กD�0������3��!!

�#2�2��	 0.02 M (pH 4.8) ���กD�0��+�7 4  �"���3��3��-*���.���ก���#�ก�%ก�����"���03�	

+�ก  -�"�#��
��%.����+#&"-�&� 8 /�#&" 3<7";�
��กH��� ��67�+.�ก���
�����+���ก�%ก�����"���03�	+�7

$>ก!�<"����D��%��������!��"ก#�ก�%ก�����"���03�	+�70��$>ก!�<" (Norton and Vuillemard 1994; 

Mitsura et al., 1980) ก�%ก�����"���03�	��"��D��%��#�%���+*����D��%��#�%���+-0(���ก3�����

0++	 *����"���� ���" 40-50 % ��#"%�ก;���ก���#�ก�%ก�����"���03�	+�ก  -�"�#��
��%.����

+#&"-�&� 8 /�#&" 3<7"ก�%ก�����"���03�	%�ก��D��%��#�%���+-��"���� 10% �#&���/�����" 30% 

��#"%�ก;���ก���#�ก�%ก�����"���03�	����"��/�#&"*�ก*���ก6��%�0����/��ก�%ก�����"���03�	

��#"%�ก;���ก���#�ก�%ก�����"���03�	0
 5 /�#&" *!���+�"ก�#�ก#�ก�%ก�����"���03�	%�ก��D�

�%��#�%���+-0(���ก3�����0++	 *����"���� 10% ��/��ก�%ก�����"���03�	->"+�7-����#"%�ก;���

ก�����"��0
 8 /�#&" ��/��ก�%ก�����"���03�	��>�+�7 58% ���>
+�7 15 %�กก��+�-���#"ก����

�����ก��!�<"���03�	����D��%����������D��%��#�%���+-0(���ก3�����0++	 *����6�;-�

��"����-����$�.�0
�����ก�%ก���+�7!��"ก��ก��!�<"���03�	0���
������"�������-����$/"


��-�+8�1����"���03�	0���ก�������� 50 ��#"%�ก;���ก�����"��0
*��� 8 /�#&" 

 

 

 

 

 

 

 

BsfDN^ 15 ก>QกBBHo=k@=?FGHC=>?@A=BC@DEDN^vsกVBpkc?@H[L@QUm?>L�#�%���+ (CA), �#�%���+-0(���ก

3�����0++	 (CA/HA), �#�%���+-0(���ก3�����0++	 *����"���� 10% (CA/HA/LX 10%) *�� �#�

%���+-��"���� 10% (CA/LX 10%) 
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����� 4 

��������.�"������ (Conclusion and Suggestion) 

4.1 ����5�กก���#��� (Conclusion) 

��ก��+�-��ก�����*/��3����#�%���+, 0(���ก3�����0++	 *����"�����
���#-����ก��

-���"��D��%�����#&� %�กก��+���"ก���!������D��%���������
����:��"�&.���"����+�7

�����-���ก���.�0
���/6� 2.5%, 5%, 10% *��
����:�&.���"����+�70��-����$���0��/6� 15% *�� 

20% �����%�+.������D��%�%�����&.�*���#7�0����ก��1����ก ��#"%�กก��+�-����/��/���

��6���"-�������;-�+#&"���ก���+�7%�+.�ก���<&��>
��D��%����*-�"�����D���� ��67���:�1>����"

-�������;-����7��<&�  /�����6���"-�������%����" *��/��/���/"!#���"��D��%����

*/��3����#�%���+/��"���� *��*/��3����#�%���+/0(���ก3�����0++	 /��"���� +�7
����:

��"���� 10% ��;�+.������D��%������"+#&"ก����ก��+���" ��/��->"+�7-��+#&"/��+�70��%�กก��+�-��

ก������#�*��/��+�70��%�กก��+�-����$#"��#ก ��#"%�ก�#&�+.�ก��+���"/��ก���>�3#��&.���"

!#�����"+#&"-�"ก����ก��+���" �������67���ก��;-���"�����"0
 /��ก���>�3#��&.���"!#�����"

���"!��-#�-�����"��"����+�7���7��<&� *��/��ก���>�3#��&.����"��+�7-��+�7
����:��"��"����

�+��ก#� 10% +#&"��&��67�"��%�ก��"�����#&��>�3<��&.�0��������ก 3<7"0
�#����"ก���>�3#��&.���"��D�

�%���� %�กก�����ก���"%��+����	����Dก!���*��-��"ก���������#ก�:���"���1�/������"

��D��#�%���+���#ก�:��
��/�"!�����ก��%��!#���>�*�����>����/������"��ก*!���67���ก��;-�     

0(���ก3�����0++	�"0
��;�+.����/�"-���"��"���1�/�
��7��0
�
����D�ก��ก��%��!#���>�

��+#7�0
*����/����
���>�����+�7��ก�<&� ��+�"ก�#�ก#�ก���!����"�����"0
ก�#���;�+.����

�#ก�:���"���1�/��/���*����<&� ��+�7���1�/%����#ก�:�+�7�
��*;��*������"!#�3���+#�ก#� 3<7"

ก��+�-������ก���"%��+����	����Dก!���*��-��"-��";��������0(���ก3�����0++	 �#&���

�#ก�:��
��*+�"/��-!#���>�+#7������: 3<7"�#ก�:��#"ก������&��"+�7�
��!#�����7���.�����ก�����1�/ก���

ก��  

ก��;-�ก#���"-���#"ก����0��$>ก�.�0
+�-�������+/��/ FT-IR ��67��6��#�ก��;-�ก#�

%�กก���
��7��*
�"��"�#�8��/�� 3<7"������#�8��/����"��"������ก���
��7��*
�"�����#ก�:�

ก������!.�*���"�#���67�"��%�กก��;-�ก#���"-��!��"  *!�ก�#�0�����#�8������ก���<&��#&�*-�"
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�����D����ก��;-�ก#��#"ก�����
������"*/�ก������ก#���>���"-��;-�*!�0����ก�����!#�ก#���"

�#�8���  ก��+�-��ก��!�<"�������ก���
��7��*
�"
����:��"����*����:�1>����������"

ก���<&��>
��D��%�����#&�
����:��"����+�7 10% *����:�1>��+�7 40 *�� 50 �"���3��3��- �����

*+�%�0����ก�%ก�����"���03�	�ก���<&� �#&��
���������67���"����0���#���:�1>��->" (40 *�� 50 

�"���3��3��-)���:��<&��>
 %���;�+.������"�����ก��ก��������6���"!#�%�0

f��>����1����

/�"-���"��"��D��%����%���� *��+.����0����ก�%ก�����"���03�	�ก���<&� *!���!�ก��:	

�#"ก����ก�#�0������67���ก���!��0(���ก3�����0++	 �"0
 ��0(���ก3�����0++	 �#&�0
+.�

����+�7��ก���#����"ก��
f�ก#&��>������"��"���� *��-��/���"ก#��#ก�:�+�"ก��1����67�-#"�ก!

�#ก�:���"���1�/+�7�
��7���>
*��0
 *����67��.���D��%��������!��" +�7;�������ก��!�<"

���03�	�������	�+-��+.�ก�����3&.� �������#"%�ก;���ก�����3&.�0
 8 �����D��%������#�%���+-0(�

��ก3�����0++	 *����"����-����$�.�0
�����ก�����3&.�0�� ��67�"%�ก�#"-����$/"
��-�+8�1��

��"���03�	0��0��$<"ก��� 50% 

 

4.2 �.�"������ (Suggestion) 

 1. �����/!/���.������D��%������
����ก!	�����ก��!�<"-�������67� ��+����� 
�g� ��6�-��

%.���ก*��8�!�+�7�6�%.��
�� *���<ก��
��-�+8�1��ก��/"+�*��ก��
��
������67�ก���.�0
���%��"

��+�"��!-��ก��� 

 2. ก��+���"����#-�����1�������67�;-�����D��%�����#&��
����ก+�"��6�ก��<7"��"

ก���<ก�������/! ��67�
�#�
��"/���/"+�*��ก��
��
������"��D��%���������
��-�+8�1��

+�7->"�<&� 
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National Symposium on Graduate Research. 94. 

Usansa, U., Wanapu, C. and Boonkerd. N. (2004) Effect of alcoholic fermentation temperature on 

red wine flavor. The 4th National Symposium on Graduate Research. 124. 

Wongkalasin, K., Wanapu, C. and Rodtong, S. (2004) Selection of maolactic bacteria for wine 

fermentation. The 4th National Symposium on Graduate Research. 128. 

Kuapunyakoon, T., Wanapu, C., Boonkerd, N. and Chervin,C. (2004) What is the gene which 

expression depends ethylene receptor inhibition in berry of Carbernet Sauvignon at veraison. 

The 4th National Symposium on Graduate Research. 93. 

Cheunkum, O. and Wanapu, C. (2002) Production of Lactic acid from cassava solid waste.The 3rd 

National Symposium on Graduate Research.633-634. 

Sripunya, P. and Wanapu, C. (2005) Selection of Yeast Strains Containing ß-glucosidase for 

improving Aroma in Grape Wine. 31st Congress on Science and Technology of Thailand at 

Suranaree University of Technology, 18 � 20 October 2005, B0100. 

Tasing, K., Wanapu, C., Boonkerd, N., Wongkaew, S. (2005) Transformation of grape calli variety 

shiraz with Leucaena chitinase cDNA. 31st Congress on Science and Technology of Thailand at 

Suranaree University of Technology, 18 � 20 October 2005, B0109. 
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Wongkalasin, K., Wanapu, C. and Rodtong, S. (2005) Selection of  malolactic bacteria for wine 

fermentation. 31st Congress on Science and Technology of Thailand at Suranaree University of 

Technology, 18 � 20 October 2005, B0116. 

Lertpinyochaithaworn, N., Sripiromrak, A. and Wanapu, C. (2005) Ma-Maow wine production. 31st 

Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 � 

20 October 2005, B0139. 

Usansa, U., Wanapu, C. and Boonkerd, N. (2005) Effect of alcoholic fermentation temperature on 

red wine flavor. 31st Congress on Science and Technology of Thailand at Suranaree University 

of Technology, 18 � 20 October 2005, F0028.  

Wanapu, C., Rattana, P., Teaumroong, N. and Boonkerd, N. (2005) Success stories of stainable 

factory Management for the Thai traditional alcoholic beverage enterprises. In International 

Symposium on �Corporate sustainablility management � approaches and applications� 24-25 

November 2005, Bangkok. Session 2B-3: 1-8. 

Boonkerd N., Teaumroong, N., Wanapu C. and Chankhun Y. (2005) Application of Bio and 

Bioorganic fertilizers in organic farming systems for sustainable agriculture. In International 

Symposium on �Corporate sustainablility management � approaches and applications� 24-25 

November 2005, Bangkok. Session 2B-4: 1-7. 

Muaenjang, T. and Wanapu, C. (2006) The study of ethanol production of thermotolerant yeast S1 

strain. The 11th Biological Science Graduate Congress, 15-17 December 2006, Bangkok. 

Sripiromrak, A. and Wanapu, C. (2006) Isolation and classification of thermotolerant yeast for 

ethanol production. The 11th Biological Science Graduate Congress, 15-17 December 2006, 

Bangkok. 

Wasuwan, R., Boonkerd, N. and Wanapu, C. (2006) Classification and nitrogen fixation efficiency 

analysis of Azolla species in rice fields of Thailand. The 11th Biological Science Graduate 

Congress, 15-17 December 2006, Bangkok. 

Usansa, U., Wanapu, C. and N. Boonkerd (2005) Effect of alcoholic fermentation temperature on 

red wine flavor. 31st Congress on Science and Technology of Thailand, Chaing Mai, 2005.  
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Usansa U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz, 

S. and Zarnkow, M. (2008) The use of response surface methodology to optimize malting 

conditions of two black rice varieties (Oryza sativa L. indica) as a raw material for gluten- free 

foods. First International Symposium on Gluten-Free Products and Beverages, Cork, Ireland, 

September 2008.  

Usansa, U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz, 

S. and Zarnkow, M. (2009) The optimization of malting condition for Thai rice. 10th RGJ- 

Congress. Pattaya, April 2009.  

Usansa, U, Geiger, E., Wanapu, C. and Teaumroong, N. (2009) Improvement of nitrogenous 

content in wort produced from rice malt. ASBC Annual Meeting. Arizona, USA June 6-10, 

2009. 

Kongkaew, A., Wanapu, C. and Usansa, U. (2010). Response surface optimization of wort 

production for brewing from rice malt using commercial enzymes and malt barley. The 16th 

Asian Agricultural Symposium on Agricultural Technology: Sufficiency Agriculture, August 25 

� 27, 2010, Faculty of Agricultural Technology, KMITL, Bangkok, Thailand. 

Satsum, A, and Wanapu, C. (2010). FT-IR study for hydroxyapatite/alginate nanocomposite 

beads. The 3rd SUT Graduate Conference 2010, November 21 � 23, 2010, Suranaree University 

of Technology, Nakhonratchasima, Thailand. 

Li, L., Wanapu, C., Huang, X., Huang Q., and Huang, T. (2010). Genetic variation of Brassica 

napus cultivars using SSR markers. The 3rd SUT Graduate Conference 2010, November 21 � 

23, 2010, Suranaree University of Technology, Nakhonratchasima, Thailand. 

Kongkaew, A., Wanapu, C., and Usansa, U. (2010). Beer production from rice malt based in pilot 

scale brewing : chemical and sensorial properties approach. The 3rd SUT Graduate Conference 

2010, November 21 � 23, 2010, Suranaree University of Technology, Nakhonratchasima, 

Thailand. 
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Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable 

polymer with convertional encapsulation. Burapha University International Conference 2012, 

July 9-11, 2012, Burapha University, Chonburi Thailand.  

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast 

Production. Burapha University International Conference 2012, July 9-11, 2012, Burapha 

University, Chonburi Thailand. 

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast 

Production. School of Biotech, IAT, SUT  1st International Colloquium, July 16-20, 2012, 

Suranaree University of Technology, Nakhonratchasima, Thailand. 

Lertpinyochaithaworn N, and Wanapu, C. (2012). Effect of ethanolic on black-kernal rice 

flavonoids character. School of Biotech, IAT, SUT  1st International Colloquium, July 16-20, 

2012, Suranaree University of Technology, Nakhonratchasima, Thailand. 

Muaenjang, T., Ponchana P., and Wanapu, C. (2012). Improved Enzymatic Hydrolysis of Cassava 

Residue by Polyethylene Glycol Addition. School of Biotech, IAT, SUT  1st International 

Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima, 

Thailand. 

Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable 

polymer with convertional encapsulation. School of Biotech, IAT, SUT  1st International 

Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima, 

Thailand. 

Pliansrithong P., Usansa U., and Wanapu, C. (2012).Protein Properties in Broken Rice for 

optimizing of Rice Ratio in Beer Production. School of Biotech, IAT, SUT  1st International 

Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima, 

Thailand. 

Satsum, A, and Wanapu, C. (2012). FT-IR study for Aiginate/Hydroxyapatite/latex 

Nanocomposite Beads. School of Biotech, IAT, SUT  1st International Colloquium, July 16-20, 

2012, Suranaree University of Technology, Nakhonratchasima, Thailand. 
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Scientific Publication:
 

    Intapruk,  C.,  Tirawanchai,  N.,  Wilairat,  P.  and  Panyim,  S.  (1984).  Application  of  cloned 

malaria  parasite  DNA   in  strain  identification.  Mahidol  University  Annual   Research 

Abstracts 11, 297. 

    Intapruk, C. (1984). in Manual for international laboratory workshop ''Genetic engineering 

techniques in tropical diseases research'' to be published by WHO special programme for 

research and training in tropical diseases, 195-204. 

  Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradubkul, S. and Panyim, S. (1984). Strain 

characterization of human malaria parasite, Plasmodium falciparum,  by the use of a cloned 

parasite DNA probe. Microbial utilization of renewable resources. 4, 210-213. 

  Tirawanchai, N., Intapruk, C., Wilairat, P., Yuthavong, Y. and Panyim, S. (1985). Cloning of 

repetitive DNA from Plasmodium falciparum and its use in strain and species identification. 

Mahidol University Annual Research Abstracts, 12, 250. 

    Intapruk, C. (1985). in Manual for national laboratory workshop "DNA cloning techniques" (in 

Thai) to be published by the National Center for Genetic Engineering and Biotechnology, the 

Ministry of Science and Technology, 172-188. 

  Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradabkul, S., Sertsrivanich, R., Panyim, S., 

Yuthavong, Y. (1985). Recombinant DNA techniques as potential diagnostic means. Ann. Ist. 

Super. Sanita.  21, 299-305. 

  Sriroongrueng, W. and Intapruk, C. (1989) The prenatal diagnosis of thalassemias (in Thai). 

Songkla Med J. 6, 428-435. 

    Intapruk,  C.,  Higashimura,  N.,  Yamamoto,  K., Okada, N., Shinmyo, A. and Takano M (1991). 

Nucleotide sequences of two genomic DNAs encoding peroxidase of Arabidopsis thaliana. Gene 

98: 237-241. 

    Intapruk,  C., Yamamoto, K., Fujiyama, K., Shinmyo, A. and Takano, M. (1993). Cloning of 

cDNAs encoding two  peroxidases  of Arabidopsis thaliana. J Ferment Bioeng 75: 166-172. 
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  Shinmyo,  A.,  Fujiyama,  K.,  Kawaoka,  A.   and   Intapruk,  C.  (1993).  Structure  and 

expression of peroxidase isozyme genes in horseradish and Arabidopsis. In: KG Welinder, SK 

Rasmussen, C Penel and  H  Greppin, eds,  Plant Peroxidases Biochemistry and Physiology. 

Univ Geneva, Switzerland, pp 222-228. 

    Intapruk, C., Yamamoto, K., Sekine, M., Shinmyo, A. and Takano, M. (1994). Regulatory 

sequences  involved  in  the  peroxidase gene expression in Arabidopsis thaliana. Plant Cell 

Reports 13: 123-129. 

    Intapruk, C., Takano, M. and Shinmyo, A. (1994). Nucleotide sequence of a new cDNA for 

peroxidase from Arabidopsis thaliana. Plant Physiol. 104: 285-286. 

Wanapu, C. and Shinmyo, A. (1996). cis-Regulatory of the peroxidase gene in Arabidopsis thaliana 

involved in root specific expression and responsiveness to high-salt stress. Ann New York Acad 

Sci. 782 (12): 107-114.  

Rodtong, S.; Wanapu, C. and Ishizaki, A. (2000). Starch-utilizing bacteria for L-lactic acid 

production. The 12th Annual Meeting of the Thai Society for Biotechnology. 52.  

Kanchanatawee, S., Wanapu, C. and Ketudat-Cairns, M. (2000). Biotechnology postgraduate 

program in Thailand. Thai J. Biotechnol. 2, 55-62. 

Sripo, T., Phongdara, A., Wanapu, C. and Caplan, A.B. (2002). Screening and characterization of 

aldehyde dehydrogenase gene from Halomonas salina strain AS11. J. Biotech. 95, 171-179. 

Kuapunyakoon, T. and Wanapu, C. (2003). Effects of diammonium phosphate (DAP) 

supplementation on growth rate and ethanol production of Saccharomyces cereviseae K1-V1116 

in tamarind wine. Suranaree J. Sci. Technol. 10: 147-151. 

Sripunya, P., Wanapu, C. and Boonkerd, N. (2005). Effect of ß-glucosidase enzyme in 

Saccharomyces cerevisiae on aroma production during mango (Chok-anan) wine fermentation. 

Thai J. Biotechnol. 6: 50-56. 

Usansa, U., Sompong, N., Wanapu, C., Boonkerd, N. and Teaumroong, N. (2009). The influences 

of steeping duration and temperature on the α- and ß- amylase activities of six Thai rice malt 

cultivars (Oryza sativa L. indica). J. Inst. Brew. 105 (2) 140-147. 
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Teaumroong, N., Wanapu, C., Chankum, Y., Arjharn, W., Sang-Arthit, S., Teaimthaisong, K. and 

Boonkerd, N. (2010). Production and application of bioorganic fertilizers for organic farming 

systems in Thailand: A case study. In: Insam, H. , Franke-Whittle, I. and Goberna, M. (eds). 

Microbs at work: from wastes to resources. Springer-Verlag, Berlin, Heidelberg. 294-296. 

Usansa, U., Burberg, F., Geiger, E., Back, W., Wanapu, C., Arendt, E.K., Kreisz, S., Boonkerd, 

N., Teaumroong, N. and Zarnkow, M. (2011). Optimization of malting for two black rice 

varieties, black non-waxy rice and black waxy rice (Oryza sativa L. Indica). J. Inst. Brew. 

117(1), 39�46. 

Vechklang, K., Boonanuntanasarn, S. Ponchunchoovong, S., Pirarat N. and Wanapu, C. (2011). 

The potential for rice wine residual as an alternative protein source in a practical diet for Nile 

tilapia (Oreochromis niloticus) at the juvenile stage. Aqua. Nut., 17(6), 685-694. 

Li L., Wanapu, C., Huang, X., Huang, T., Li, Q., Peng, Y. and Huang, G. (2011). Comparison of 

AFLP and SSR for Genetic Diversity Analysis of Brassica napus Hybrids. J Agri. Sc. 3(3), 101-

110. 

Boonterm, C., Wanapu, C., Silapapun, A. and Boonkerd, N. (2011). Effects of nitrogen, potassium 

fertilized, and clusters per vine on anthocyanins content in cabernet sauvignon wine. Suranaree 

J. Sci. Technol. 18(1),  41-54. 

Li, L., Huang, X., Wanapu, C., Li, Q., Huang, G. and Huang, T. (2011). Genetic diversity analysis 

of 25 rapeseed varieties from Guizhou rapeseed regional test by SSR marker. Guizhou Agri. Sc. 

11, 1-4 (in Chinese). 

Wanapu, C., Sripunya, P. and Boonkerd, N. (2012). Selection of yeast strains -glucosidase for 

improving wine aroma. J. Agri. Sc. Technol. B, 2, 691-702. 

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Beer production from rice mait based in pilot-

scale: volatile compounds and sensorial properties analysis. The Journal of King MongkutKs 

University of Technology. 3(1), 86-94. 

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Optimisation of wort production from rice 

malt using enzymes and barley malt. Af. J. Biotech. 11(42), 9941-9949. 
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Vechklang, K., Lim, C., Boonanuntanasarn, S., Welker, T., Ponchunchuwong, S., Klesius, P.H. and 

Wanapu, C. (2012). Growth performance and resistance to Streptococcus iniae of juvenile Nile 

tilapia (Oreochromis niloticus) fed diets supplemted with GroBiotic-A and Brewtech dried 

brewers yeast. J App. Aqua. 24, 183-198. 

 

Patents: 5 Thai patents and 3 Trade Secrets. 

 

Current Research Works: 

1. The Bioprocess Control of Microbial Alginates for Industrial Production. 

2. Composition of Biopolymer and Filmogenics. 

3. Improvement of Bioethanol Production by Using Thermotolerant Yeasts and Bioconversion. 

4. Thai Rice Beer Production. 

 

 

 

 

 

 

 

 

 

 

 

 

 


